Abstract A study of the water quality of the former tin mining lakes in Ipoh City was carried out to determine the Water Quality Index (WQI) and classification based on the Malaysia National Water Quality Standards, in order to determine its suitability to be developed as a water recreation area. Five former mining lakes were chosen: Gunung Lang, Taman Indah, Kg. Temiang, Lahat and Kg. Engku Husin. The parameters measured were pH, dissolved oxygen, suspended solids, biochemical oxygen demand, chemical oxygen demand and ammonical nitrogen (NH3N), while the heavy metals measured were lead (Pb), copper (Cu), zinc (Zn) and arsenic (As). The analytical study shows that four former mining lakes in this research are suitable to be developed for water recreation purposes as they are classified under class II with a WQI greater than 81, which holds a clean status. Only one lake, Kg. Engku Husin, is categorised as class III, which requires an intensive treatment before it can be used for recreational purposes. Meanwhile, heavy metals such as Zn, As and Cu were at the standard level except for Pb, which exceeded the set guidelines. The local authorities and project developers should take appropriate measures to ensure that this former mining lake is well maintained and managed so that it is preserved and suitable to be developed as a recreational area. 
Introduction
The existence of former mining lakes in Malaysia presents a significant impact from abandoned mining activities, particularly tin mining. The pressure of development and the increase in the population resulted in increased demand for former mining lakes to be converted to a more productive land use, such as areas of recreation, agriculture and animal husbandry [Town & Country Planning Department of Peninsular Malaysia, 2010] . However, not all former tin mining lakes are suitable to be developed, especially when it comes to mine water reclamation itself for socioeconomic activities. Furthermore, heavy metal content and mine water quality need to be considered before Mohmadisa Hashim, Nasir Nayan, Yazid Saleh and Hanifah Mahat Department of Geography & EnvironmentFaculty of Human SciencesUniversiti Pendidikan Sultan Idris35900 Tanjong Malim, Perak, Malaysia
Corresponding email: mohmadisa@fsk.upsi.edu.my the mine water is used as an alternative source of drinking water [M. Widyastuti and Eko Haryono, 2016; Ku Orji et al., 2013; Ashraf et al., 2011 Ashraf et al., & 2012 Yusof et al., 2001] .
Since former mining lakes are the most dominant lake types in Ipoh City area, the transformation of the former mining land into recreational land use is significant. Not all kinds of development are suitable for mining land reclamation, especially that involving lake water reclamation for recreational activities. Chemicals consisting of inorganic heavy metals are commonly found in a variety of chemical and physical forms [Spellman, 2010; Mohmadisa et al., 2012; Nasir et al., 2014] . Heavy metals pollution is an issue that should be taken seriously. Muhamad Samudi et al. [2008] explain that the impact of mining activities will result in increased concentrations of heavy metals in the ecosystem. Meanwhile, Azilah and Raslinda [2006] state that the development of a recreational lake is important to create a healthy, safe, comfortable, interesting and entertaining life.
Therefore, the suitability of reclaiming the former mining lakes for water recreational activities in Ipoh should be reviewed. The purpose of this study is to examine the extent to which previous mining activities have increased the level of heavy metals in the water, which can eventually affects not only the ecosystem of the lake but also the lives of the local people. This study of the former mines' water quality is important in proving the suitability of reclaiming the former mining lakes for recreational purposes. Hence, this study will provide guidelines for local authorities, especially the Ipoh City Council in planning appropriate development activities to be established on the former tin mining land.
The Methods
This study on the changes in land use and water quality of the former tin mining lakes was conducted around Ipoh City, Perak. Ipoh City is the state capital of Perak, which is located in the district of Kinta ( Figure  1 There is plenty of vacant land being developed, particularly at former tin mining sites, in the study area. Former mining lands are also reclaimed as committed development sites among other purposes [Nasir et al., 2016; Husna et al., 2012] . One of them is for recreational purposes, in which the former mining lake is maintained for fishing, leisure and other recreational activities area. For the purpose of recreational activities, this study has identified five former mining lakes to be assessed for water quality status (Table 1) . These lakes were justifiably chosen as the location for this study as they are currently being, or plan to be, developed as recreational areas [Planning Department of Ipoh City, 2015] .
The water quality sampling of the former tin mining lakes was carried out twice: on 3rd to 4th November 2015 and 3rd to 4th January 2016. A total of three water samples were taken at each former mining lake. The location coordinates of the sampling stations were determined using the Meridian Global Positioning System (GPS). In general, physical, chemical and biological parameters of the water quality were measured. Six key parameters were chosen for the assessment of Water Quality Index (WQI) as specified by the Department of Environment (DOE): dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), ammonical nitrogen (NH3N), suspended solids (SS) and pH. In addition, other parameters measured included heavy metals such as lead (Pb), copper (Cu), arsenic (As) and zinc (Zn). The two water quality parameters measured on the site or in-situ were pH and DO (mg/L) using the YSI Multi Parameter Probe. Meanwhile, the parameters for the analysis of water quality samples in the laboratory were SS, BOD, COD, NH3N and heavy metals Pb, Cu, As and Zn.
The laboratory analysis was performed in the Physical Geography Laboratory, Sultan Idris Education University. For each of the former tin mining lake, the surface water samples to determine the WQI were collected in three polyethylene bottles (1000 mL) and stored in a dark, cold place (4°C). In the laboratory, the samples were stored in the refrigerator (4°C) before being analysed to determine the level of SS, BOD, COD, NH3N and heavy metals Pb, Cu, As and Zn. For the water quality parameters such as pH and DO, the data were recorded at each sampling station using the YSI Multi Parameter Probe. The BOD value was determined based on the DO before and after the samples were incubated in the incubator at 20°C, while the COD value was calculated based on the open reflux method. The value of SS was calculated based on the difference in weight of the 0.45um pore size membrane paper before and after the sample being filtered through it. The water samples were analysed using Inductively (Table 2 and Table 3 ) [DOE, 2008] .
Results and Discussion
The values of WQI for all five former tin mining lakes were between 74 and 91 in the month of November 2015 and between 74 and 93 in January 2016. The WQI values in November 2015 show that the water quality in the study area came under class II and III (Table 4 ).
The locations under class III water quality were Taman Indah and Kg. Engku Husin, while Gunung Lang, Kg. Temiang and Lahat came under class II. In January 2016, the values of WQI indicate that the water quality of all former tin mining lakes showed no changes, except in Taman Indah, which changed from class III to class II (Table 5 ). The WQI values of the study stations categorised under class III will require intensive treatment before they can be used for water recreational purposes that involve water-human contact.
Meanwhile, the water quality of the former mining lakes was also analysed based on their suitability for recreational activities as recommended by the DOE (Table 7) .
Measurement of Physico-Chemical Parameters
The next analysis was based on each parameter observed on the site and in the laboratory analysis. Comparisons were made between the two-time observations: November 2015 and January 2016. It was found that the DO levels in all five former tin mining lakes in November 2015 ranged from 1.21 to 5.60 mg/L and 2.20 to 6.58 mg/L in January 2016 (Figure 2) . The highest DO value in November 2015 was at Gunung Lang (5.60 mg/L) and in January 2016 was at Taman Indah (6.58 mg/L). The lowest DO value readings were at Taman Indah in November 2015 and at Kampung Engku Husin in January 2016, with readings 1.21 mg/L and 2.20 mg/L, respectively. As for the DO parameter in November 2015, all stations were classified as class III (3 to 5 mg/L) or below, except for the former mining lake in Gunung Lang, which was classified as class II (5 to 7 mg/L).
The difference between the readings made in November 2015 and January 2016 indicate that there was a significant increase in the DO value at Taman Indah compared to other locations. This is because in November an infrastructural construction process for recreational purposes took place around the former mining lake and the exposed soil around the mine. These sediments were transported into the mine during heavy rain and caused the DO readings to be low during that month. However, in January 2016 the construction of recreational infrastructure in this had stopped and this caused the DO readings in the area to increase again.
The BOD measurement is generally a specific measurement used in determining the amount of oxygen needed for organic material to decompose [Ashraf et al., 2010; Sukiman, 1989] . The aim of measuring BOD is usually associated with the measuring of organic carbon content. The BOD values for all five of the former mining lakes ranged from 0.73 to 2.79 mg/L in November 2015 and 0.98 to 4.9 All stations remained in this class in January 2016, except for the former mining lake in Kg. Engku Husin, which was classified as class II (3 to 6 mg/L). The COD is used to measure how bad the pollution is. COD is the amount of oxygen required to oxidise the (Ku Orji et al., 2013; Mohd Harun, 2012) . The COD values for these five former mining lakes in November 2015 ranged from 1.00 to 11.67 mg/L and from 9.00 to 14.33 mg/L in January 2016 (Figure 4 ). The COD parameters in November 2015 and January 2016 at all stations were classified as class I (10 to 25 mg/L). This high COD value is due to the large presence of inorganic substances (Mazlin et al., 2001) . One of the sources of inorganic material is from metal residues [Hafemeister, 2007] . The SS in water is used to determine the amount of solid material suspended in water. High in SS causes turbidity and results in sedimentation problems [Ahmad et al., 2014; Zaini et al., 2011a; 2011b] The data collected show that the readings in November 2015 and January 2016 were significantly different based on the highest readings of the samples that were taken twice. This is because in November 2015 the study area received a high quantity of rainfall compared to January 2016. The rain transported suspended sediments into the former mining lake area, which resulted in the increased SS readings from the lake. The parameters of SS in November 2015 and January 2016 however were classified as class I for all stations (25 mg/L). NH3N in water is an indication that pollution is caused by human or animal sewage. NH3N is highly toxic and harmful to aquatic life. NH3N concentration values for the five former mining lakes in November 2015 ranged from 0 to 0.62mg/L and from 0.10 to 0.20mg/L in January 2016 (Figure 6 ). The highest NH3N value in November 2015 was recorded at the former mining lake in Taman Indah (0.62 mg/L), while the highest reading in January 2016 was recorded at the former mining lake in Kg. Temiang (0.20 mg/L). As for the NH3N parameter in November 2015, all stations were classified as class I (1.0 mg/L), except for the former mining lake in Taman Indah, which came under class II (3 mg/L). In January 2016 all stations were classified as class I (1.0 mg/L), except for the former mining lake in Kg. Temiang, which came under class II (3 mg/L). This high concentration of NH3N is likely due to the disposal of general or domestic waste into the former mining lake by the local residents. Photo 1 shows the restaurants that directly channel their domestic water waste into lake Kg. Temiang. According to Nasir et al. [2014] , the concentration of NH3N was caused by the release of fertilisers, animal waste and domestic sewage into the water through surface runoff during rain events.
The pH values of all five former mining lakes in November 2015 ranged from 6.89 to 7.92, while in January 2016 the range was from 7.40 to 8.16. on both sampling dates all stations were classified as class I (6.6 to 8.5). The pH values were lower in November 2015 because of the Northeast Monsoon season rain that brought polluted and acidic materials from the soil surface into the aquatic environment [Nasir et al., 2014] .
Determination of Heavy Metal Concentrations
Among the sources of pollution resulting from the former tin mining lakes are heavy metals, such as mercury (Hg), arsenic (As), cadmium (Cd), zinc (Zn), copper (Cu) and lead (Pb) [Kah et al., 2016; Ku Orji et al., 2013; Ashraf et al., 2012; Zulhadi, 2006] . In this study, the analysis of heavy metals were limited to Pb, Cu, As and Zn in the water around the former mining lake area. The water sampling was carried out at the sites in November 2015 and January 2016 (Table 8 and  Table 9 ).
In November 2015, at the former mining lake at Gunung Lang the concentrations of Pb, Cu, As and Zn were 0.42 mg/L, 0.0 mg/L, 0.01 mg/L and 0.02 mg/L, respectively. In January 2016 the readings recorded for Pb, Cu, As and Zn were 0.94 mg/L, 0.0 mg/L, 0.02 mg/L and 0.03 mg/L, respectively (Figure 8 ). In general, the metal concentrations in the water at Gunung Lang former mine decreased in the order of Pb > Zn > As > Cu. The concentration of heavy metals measured in mg/L is benchmarked against the Malaysian National Water Quality Standards. The same measurement is adopted by the Department of Environment of Malaysia, the authority that regularly performs water quality assessment.
At the former mining lake in Taman Indah, the readings in November 2015 for Pb, Cu, As and Zn metal concentration were 0.53 mg/L, 0.0 mg/L, 0.03 mg/L and 0.00 mg/L, respectively. In January 2016 the readings of Pb, Cu, As and Zn were 1.02 mg/L, 0.0 mg/L, 0.03 mg/L and 0.00 mg/L, respectively (Figure 9 ). In general, the metal concentrations in the water of Taman Indah former decreased in order of Pb > As > Zn > Cu.
At the former mining lake in Kg. Temiang, the readings in November 2015 for Pb metal concentration was 0.65 mg/L, Cu (0.0 mg/L), As (0.03 mg/L) and Zn (0.00 mg/L), while in January 2016 the reading of Pb was recorded as 1.10 mg/L, Cu (0.01 mg/L), As (0.03 mg/L) and Zn (0.00 mg/L) (Figure 10 ). In general, the metal concentrations in the water of Kg. Temiang former mine is in the descending order of Pb > As > Zn > Cu.
As for the former mining lake in Lahat, the readings in November 2015 for Pb, Cu, As and Zn metal concentrations were 0.79 mg/L, 0.0 mg/L, 0.04 mg/L and 0.00 mg/L. In January 2016 the recorded values of Pb, Cu, As and Zn were 1.22 mg/L, 0.01 mg/L, 0.05 mg/L and 0.00 mg/L, respectively (Figure 11 ). In general, the metal concentrations in the water of Lahat former mine decreased in the order of Pb > As > Cu > Zn.
At the former mining lake in Kg. Engku Husin, the readings in November 2015 for Pb, Cu, As and Zn metal concentrations were 1.30 mg/L, 0.0 mg/L, 0.01 mg/L and 0.03 mg/L, respectively. In January 2016 the recorded values of Pb, Cu, As and Zn were 1.30 mg/L, 0.0 mg/L, 0.00 mg/L and 0.00 mg/L (Figure 12 ). In general, the metal concentrations in the water of Kg. Engku Husin former mine decreased in the order of Pb > Zn > As > Cu.
Lead is a heavy metal element, derived from the nature, which is abundant in the earth's crust. It can also be found in water, soil and plants. Among these three sources, it is most readily found in soil and water. The presence of Pb heavy metal does not actually benefit the body, even in low concentrations. Instead, it will remove or replace other metals from specific cell binding sites, which ultimately leads to various detrimental effects to human health as it is easily absorbed by a growing body. Its accumulation in a developing body will disrupt the natural growth of cells in the body [Husna et al., 2012; Razak, 1996] . In general, heavy metal Pb is traced in all the lakes under the study. Its amount is higher compared to other metals such as Zn, As and Cu. The high value of Pb is attributable to the fact that these lakes were previously tin mines. However, this value is still considered low and still suitable and safe for waterbased recreational activities.
Conclusion
Former tin mining areas not only act as a natural water catchment area to control the floods, but at the same time can be developed as a recreational area for the local population. This study found that all of the five studied former mining lakes are suitable for waterbased recreational purposes. Based on the WQI all the former mining lakes have an appropriate WQI to develop the area into a water sports recreational area. The difference in readings between November 2015 and January 2016 were due to increased precipitation in the rainy season. All of the lakes have low concentrations of heavy metals especially Zn, As and Cu, but Pb was found to be at a high concentration due to the nature of the former mining lakes.
